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general, I have hitherto had the mortification to be 
obliged to pass them over, or at least to treat them in 
so general a way that my views could scarcely be under- 
stood. By referring my students hereafter to the facts 
contained in the following sheets, I shall have it in my 
power to shorten considerably the elementary part of my 
course, and be enabled to introduce at least a oertain 
number of physiological lectures; by pointing out the 
general facts already ascertained, and the physiological 
consequences legitimately deducible from these facts. This 
is a branch of medical knowledge which has been much 
more attended to on the continent than in Great Britain. 
But from the intelligence and the zeal which the medical 
students in this country in general possess, I am satisfied 
that if the subject were once fairly started, it would be- 
come a favourite object of pursuit, and that it would 
advance to perfection with a degree of rapidity of which 
we can at present form but an imperfect idea. 
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of copper there are two atoms of copper 
united to one atom of oxygen, and the protomu- 
riate of copper is a compound of one integrant 
particle of muriatic acid, and two integrant parti- 
cles of suboxide of copper, and the permuriate of 
one atom muriatic acid, and one atom black oxide 
of copper. Now, that this is the true constitution 
of these two salts, I have ascertained by a care- 
ful analysis of them. 

These facts being understood, we are pre- 
pared for. examining the chlorides of copper. 
Of these chlorides, there are two— the protochlo- 
ride, obtained by heating the protomuriate in a 
close vessel ; and the deutochloride, formed when 
the permuriate is treated in the same* way. 

Now, Dr. Davy analyzed the protochloride of 

copper, and found it a compound of 

Copper 8 

Chlorine 4*5 



12-5 



Two atoms of copper weighing eight, 4\5 must 
represent the weight of an atom of chlorine. 

I dissolved 5 grains of black oxide of copper 
in muriatic acid, and evaporated the solution to 
dryness. The chloride of copper was obtained 
in the $tate of a brownish yellow powder, and it 
weighed ^xaptly 8\? grains. Now, 5 grains of 
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CHLORINE* $3 

We see that the first is a compound of one atoa* 
mercury and <me Atom chlorine and the second 
of one atop* mercury and two atoms chloride, 
Here, as well as with copper, 4\5 represents 
exactly the weight of an atom of chlorine. 

3, Silver is a metal, the atomic weight of ££$£ of 
which is 1375, Dissolve 1375 grains of puie 8 ^- 
silver in nitric add; evaporate the solution 
gently to dryness, and re-dissolve the nitrate 
of silver in water ; precipitate the silver by 
pouring into the liquid a solution of 7*5 grains 
of pure and dry common salt ; collect the pre- 
cipitate, wash it well, and fuse it on a piece of 
glass *,t— if the experiment be properly conducted, 
the chloride of silver, thus obtained, will veigh 
18*25 grains.* Now, it contains exactly 137$ 
grains of silver. Hence, it is composed of 

Stiver 13 75 

Chlorine 4*5 



18-25 



or in this compound, an atom of silver is com- 
bined with an atom of chlorine. 

In all these examples, the atomic weight of 
chlorine is exactly 4*5. 

4. It has been long known, that when chlo- 

9 The chloride of sUrer, while on tfc filter, nmst bt washed with distilled 
water. Uris water should be very slightly acidulated with nitric acid. For 
vast of this precaution, I was long unable to obtain the exact weight of 
<Uoride. The reason is, that distilled water often contains ammonia, which 
•wrfres a tittle chloride. 

Ft 
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forces oat the stopper, while a quantity of ipu< 
riatic acid gas makes its escape* 

TABLE EXHIBITING THE SPECIFIC GRAVITY OF MURIATIC 
ACID OF DETERMINATE STRENGTHS. 



Atoms of 


Atoms of 


Acid in 


Specific 


Acid. 


Water. 


100 


Gravity. 




* 


40450 


1-808 - 




7 


37 000 


1179 




8 


33*945 


1162 




9 


31-346 


M49 


_ 


10 


89134 


1139 i 




11 


87 206 


1-1285 




12 


25-517 


11197 




13 


£4426 


11127 




14 


82-700 ' 


11060 




15 


21-542 


1-1008 




16 


80442 


1-0960 




17 


19474 


1-0908 




18 


18590 


1-0860 




19 


17-790 


1-0880 


1 


80 


17-051 


1*0780 



acid, composed of 1 atom acid, and 
16 atoms water, or that which contains $0*442 
percent, of real acid, seems to be the most in& 
aate combination of add and water. For its 
boiling point is a maximum, being 232°, accord- 
ing to Daltoo ; while acid either weaker or 
stronger than this boils at a lower temperature, 
ladeed the boiling point of acid of the specific 
gravity 1-203 is not higher than 107°. 

The muriates, or the salts formed by the com- 
bination of muriatic add with the different bases, 
deserve the particular attention of chemists in 
many points of view. I shall devote a separate 

F4 
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white the wme volume t)f it is burning. : Tin's 
vapour, then, if we could get rid of the smelt, 
would be the best substance for giving light j — 
cme obvious method would be, to take care that 
the whole of it is consumed, and that none es- 
capes under the form of naphtha vapour. 

2* Carburetted hydrogen gas can only be ob- £j^*" 
tained pure, by stirring the mud at the bottpm gen awty* 
of stagnant waters, during hot weather. It was 
first accurately examined by tyli;. Daltoo. Soon 
afterwards, I published a' set of experiments on 
it, in the first volume of the Wernerian Memoirs. 
I took its specific gravity at two different times, 
with great care. Gas, collected at Restalrig, 
near Edinburgh, had the specific gravity of 
0*5554. The mean of the specific gravity of 
three specimens, collected in the neighbourhood 
of Glasgow, was 0*5576. It will be proper to 
state each of these trials, as the gas was collected 
at three different times. 

1st trial 0*5602 
2d trial 0-5558 
3d trial 0*5570 

It is obvious that the gas was not of equal purity 
in each of these trials ; — it was purest in the se- 
cond specimen, the specific gravity of which 
comes nearest that of my former experiments. 
The mean of the two gives us 9 5556 f which is 
undoubtedly very near the truth. Berzelius and 
Dutbng state the specific gravity of this gas to 
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converts it into a kind of add, which has a yel- 
low colour, and very different properties from 
the pure naphthaline. 



SECT. II. 

OF TtfE ATOMIC WEIGHT OP BORON 

' - •• #■ 

TflE experiments of Davy, and of Gay-Lussac Atom of 
'ftiifl *Thenard, to determine the composition of *&\\ doubt- 
titifoicic acid by the augmentation of weight u 
tHrich takes place when boron is converted into 
boracic acid, differ so much from each other, 
tftstt it is impossible to put any confidence in 
eithfer. Davy found that 30 grams of potassium 
were requisite to reduce a quantity of boracic 
acid capable of furnishing 2*375 grains of boron. 
Now, 30 grains of potassium when converted in- 
to potash, (as they were by the process) absorb 
6 grains of oxygen. Hence, we have boracic 
acid composed of 

Boron 2-375 or 1 
Oxygen 6 - 2«52 



i$fc fbutfd 'ferther, that 1 grain of boron, when 
converted into boracic acid, absorbs 5*125 cubic 
inches' of oxygen gas, or 1*7368 grain. This 
gives us boracic acid composed of 
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1. It will be proved in the 15th chapter of sp*iAc 
this treatise, that the weight of an atom of fluo- iuobonc 
ric acid is 1*25. Fluoboric acid gas may be.ob-*" ***" 
tained by mixing together anhydrous boracic 
acid and pulverized fluor spar, and exposing the 
mixture to a red heat, in an iron tube— or sim- 
ply, by heating in a retort (as was first discovered 
by Dr. John Davy), a mixture of 1 part boracic 
acid, 2 parts fluor spar, and IS parts sulphuric 
acid. I collected a quantity of this gas, and 
took its specific gravity two different times, and 
obtained each time the very same result j name- 
ly 2-3709. 

On causing the gas under examination to be 
absorbed by water, I observed that there was a 
slight deposite of silica, indicating a mixture of 
fluosilicic gas. By weighing this silica, I deter- 
mined the volume of fluosilicic gas, and on de- 
ducting it, the specific gravity of the fluoboric 
acid gas was 2-38833. A careful examination 
of the water containing the fluoboric acid gas, 
enabled me to detect in it the presence of a 
small quantity of sulphuric acid ; — it was present 
to the amount of 0*8 grain in the hundred cubic 
inches of the gas. This being also deducted, the 
specific gravity of pure fluoboric acid gas be- 
came 2-8622.* 

* Dr. Vaxy found the specific gravity of this gas 2-3709. This if 
*e very specific gravity which I got— and a little above the truth, owing, 
dooWm, to a little . fluosflicic or sulphuric add, or both. 
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which msf be wily formed by burtittg sulphur 
tataygen gm * Now, When we coirrert oxygen 
gasinto siilpbuwws Acid by this process, we do 
not produce any alteration in its tolume, but we 
preclude an increase in its specific gravity. 
Hence, k is obvious that, if from the specific 
gravity of sulphurous acid gas we subtract the 
specific gravity of oxygen gas, the remainder will 
givfe ud the weight of sulphur united to a volume 
of oxygen gasc I have shown in a paper on the 
Specific Gravity of the Gases, inserted in the 16th 
volume o£ the Annals of Philosophy, (p. 2fl6) 
that the true specific gravity of sulphurous acid 
is 0-2922} and we have seen that oxygen gas 
weighs 1-llli. Hence, it is obvious that sul- 
phurous add is composed of 

Sulphur 11 111 
Oxygen Mill 



2-2222 



Or of equal weights of each constituent We 
may consider sulphurous acid gas as a compound 
of 

1 vojume oxygen ga» ) . 

, , , > condensed into 1 volume. 

I volume sulphur vapour ) 

3. Sulphuretted hydrogen gas may be obtained Compo«- 
by mixing together sulphuret of antimony and P h ure tt«i 
muriatic acid in a small retort, and applying the ydrogwl# 
heat of a lamp. The gas may be collected over 
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Sulphuric acid. 5 
Barytes 9-75] 



14-75 



The salt being neutral, and 5 being the atomic 
weight of sulphuric acid, it is plain that 975 
must be the atomic weight of barytes. 

Muriate of barytes is a white, pungent, and 
disagreeably tasted salt, which crystallizes in very 
short four-sided prisms with square bases. I 
find by a careful analysis of these crystals, that 
they are composed of 

• 

1 atom muriatic acid =- 4*625 
1 atom barytes = 9*750 

1 atom water = 1*125 



1 



15*5 



If 15*5 grains of it be exposed to a red heat, 
they are reduced to 13*25 grains ; so that the 
loss sustained, owing to the escape of water, is 
2*25 grains. This loss is equivalent to two atoms 
of waiter; one of these atoms existed in the 
salt as water of crystallization ; the other atom 
was formed by the muriate of barytes being con- 
verted into chloride of barium. 

Gay-Lussac and Thenard ascertained that P«oiide or 
when anhydrous barytes is heated in oxygen gas, um " 
* portion of the gas is absorbed, and the barytes 
is converted into a peroxide. This peroxide is 



nrooniA. 
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Zfrcooia . . . 6 
Water . . V125 

Now, 1*125 represents^an atom of water. Hence, 
the hydrate was a compound of 1 atom zirconia 
and 1 atom water; and this experiment also 
leadst o the conclusion that an atom of zirconia 
weighs 6. 

(3.) 1 1 -85 grains of pure muriate of zirconia, Murfy or 
not in crystals, but formed by dissolving zirconia 
in muriatic acid, and evaporating the solution 
to dryness in a low temperature, were dissolved 
in water, and the zirconia thrown down by am- 
monia. When properly washed and dried, and 
heated to redness, it weighed 4*331 grains. The 
liquid thus freed from zirconia, was neutralized 
by nitric acid, and the muriatic acid thrown down 
by nitrate of silver. The chloride of silver, after 
fusion, weighed 13*59 grains, equivalent to 3*444 
grains of muriatic acid. From this experiment 
it follows, that muriate of zirconia is composed 
of 

Muriatic acid 3*444 or 4*625 
Zirconia 4-331 - 5*815 

Water . 4*075 - 5-437 

4*625 denotes the weight of an atom of muri- 
atic acid— <5 # 437 approaches pretty near to 5*625, 
the weight of 5 atoms of water — 5-815 repre- 
sents the atomic weight of zirconia, according to 
this experiment :— it is a little less than 6, the 
atomic weight deduced from the hydrates. I 

. Y3 
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tibly red hot By this means, the acid was 
driven off, leaving behind it the bismuth reduced 
to the state of an oxide. It weighed exactly 10 
grains, and consequently, the metal, when oxy- 
dized, had combined with one-ninth of its weight 
of oxygen. Hence, oxide of bismuth is com- 
posed of 

Bismuth 9 

Oxygen 1 

"icT 

But I being the weight of an atom of oxygen, 
it is obvious that 9 must be the atomic weight 
of bismuth ; and the atomic weight of oxide of 
bismuth is 10. 

This metal combines with only 1 atom of ox- 
ygen, and forms only one oxide, 
cuonde of 2. The chloride of bismuth may be formed 
by mixing together bismuth in powder, with 
corrosive sublimate in a glass tube, and exposing 
the mixture to a heat, at first low, but gradually 
raised to the boiling point of mercury, or a little 
higher. The excess of corrosive sublimate and 
the reduced mercury, are gradually volatilised, 
leaving the chloride of bismuth in a state of 
purity. It is a solid substance, having a graijtiu* 
l&r texture, a greyish white colour, and a alky 
lustre, I mixed 9 grains of pure bismuth in 
powder, with 40 grains of corrosive sublimate 
in a test tube. This test tube, with a cork fitted 



422 ZINC, CADMIUM, LEAD, &C. 

a formidable obstacle to the rigid determination 

of their atomic weights. 

Det«r. 1. Fourcroy, long ago, stated, that the pro- 

Faurcroy, toxide of mercury is a compound of 100 metal 

and 4 oxygen j but, from the loose way in which 

this chemist was accustomed to express himself, 

we can consider this determination in no other 

light but that of a fortunate conjecture* Mr. 

DonofAo, Donovan, from a number of experiments on both 

oxides, has concluded that protoxide of mercury 

is composed of 



and Sef- 
btrom. 



Mercury 
Oxygen 


100 
412 


or 24-271 
- 1* 


And peroxide of 






Mercury 
Oxygen 


100 

7-82 


or 25-575 

2 



The atomic weight of mercury, deduced from 
these two oxides, not being exactly the same, it 
is obvious that the experiments from which the 
constitution of these oxides has- been deduced, 
are not quite exact. The mean of both gives as 
24*923 for the atomic weight, which differs less 
than vfotii from 25, the atomic weight of met- 
cury, deduced from the composition of protoxide 
of mercury, as stated by Fourcroy. 

M. Sefstrom made a set of experiments in Ber- 

• Annals of Philosophy, XIV. 244. 
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It is obvious that the 025 grain of loss, over and 
above this integrant particle of sal-ammoniac, 
must have been water. Now, the 4>*625 grains 
of muriatic acid, in the 6*75 grains of sal-ammo- 
niac volatilized, must have existed in the 28*625 
grains of the soda-muriate of rhodium, and must 
have been in combination with the oxide of 
rhodium. 

From the preceding analysis it appears, that 
soda-muriate of rhodium is a compound of 



Yellow o^ide of rhodium 


7-5 


Muriatic acid 


4*625 


Common salt 


7-5 


Water 


9-0 



2S-6$5 

Atom of Now, this salt is perfectly neutral: 9 re- 

peroxide of ** 

rhodium, presents eight atoms of water ; 7*5 is an inte- 
grant particle of chloride of sodium ; and 4*625 
an integrant particle of muriatic acid. 7*5 there- 
fore, must represent the weight of an integrant 
particle of yellow oxide of rhodium. The con- 
stituents of die soda-muriate of rhodium may 
therefore be represented as follows : 

. 1 atom permuriate of rhodium 12*125 
1 atom muriate of soda 8*625 

7 atoms water 7'S75 



28-625 

For one of the atoms of water separated by heat, 
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. 2. A hundred grains of the crystals were pat Analysis of 
into a small green glass retort, and kept red hot iridium. ° 
for two hours by means of a charcoal fire. The 
crystals did not alter their appearance in the 
least; yet they emitted a perceptible smell of 
chlorine, and the. salt sustained a loss of weight 
amounting to 2*62$ grains* The crystals thus 
treated were completely soluble in water ; they 
were therefore in a state of a pure anhydrous 
chloride of iridiu m. 

3. 82*5 grains of this chloride dried in a red 
heat were put into a platinum crucible, and ex- 
posed to the strongest heat which I could raise 
in a wind furnace. When the crucible was cold, 
I found that the chloride had been decomposed, 
and that there remained 87*5 grains of metallic 
iridium. The loss of weight sustained was there- 
fore 45 grains, and this loss was obviously occa- 
sioned by the dissipation of the chlorine. 

This experiment will be more easily under 
stood if we divide the quantity of chloride em- 
ployed by ten. 8*25 grains of chloride of iri- 
dium, when decomposed by heat, lose 4*5 grains 
of chlorine, and the remaining 3*75 grains consist 
of metallic iridium. Thus we see that the chlo- 
ride is composed of 

Iridium . . . 3*75 

Chlorine . . . 4*5 

835 
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does not amount to quite so much as the fifth of au 
atom of water.. This explains the reason why 
the iridium is not precipitated by alkalies, as is 
usually the ease with metallic oxides* 

When the solution, of this salt in water is made 
without heat, it has a .fine green colour v but if 
we boil the green liquid, it gradually Ipse* its 
original colour -and becomes red# This change 
of coloto: has been generally asci^bed to the ad* 
dition 1 of, oxygen to the oxide of iridiuqi. It has 
been concluded from it that tjiene are two oxides 
of iridium,— the protoxide is green and the- per? Oxides of 
oxide red* Whether this explanation be the,true m um * 
one I have not been able to dete&nine^ m all my 
attempt* to obtain the oxides of, iridium, in a 
Separate state have ended in disappointment If 
there be two oxides of iridium, the protoxide is 
doubtless composed of 1 atom iridium : and X 
atom oxygen, and its atomic weight must be 
4-7& Peroxide of iridium must be a compound 
of' 1 atom iridium and 8 atoms oxygen, and its 
atomic weight must be 575. 



» * 



1 .. *■ 1* . SECT. VI. 

OF THE ATOMIC WEIGHT OF OSMIUM, 

I am still unacquainted with the atomic weight 
of osmium— the quantity of that anomalous sub- 
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(2.) The nitric acid solution was evaporated 
to dryness, to get rid of the excess of acid — the 
dry mass re-dissolved in water, and precipitated 
by ammonia. The precipitate, which was 
orange, being collected on the filter, washed, 
and dried, weighed 16*5 grains. Being exposed 
to a red heat, it was reduced to protoxide of 
uranium, and weighed 14*04 grains ; equivalent 
to 14*54 grains of peroxide of uranium. 

(3.) The residual liquid was evaporated to 
dryness in a platinum cup, and exposed to a 
heat gradually raised nearly to redness. The 
nitrate of ammonia was decomposed and driven 
of£ and there remained 2*7 grains of nitrate of 
potash, equivalent to 1*223 grain of potash. 

(4. ) Thus the constituents of the salt were 



Peroxide of uranium 


14*54 


Potash 


1-22S 


Carbonic acid 


OSOO 


Water 


2-937 



19-000 

The carbonic acid was no doubt combined with 
a portion of the peroxide of uranium, showing 
that the carbonate had not been completely de- 
composed. If we subtract the portion of per- 
carbonate, amounting to rather less than 6} 
grains, we shall find that the uraniate of potash 
is a compound of 
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Protoxide of tungsten 100 

Oxygen . . 7 



107 



Berzelius endeavoured to determine the quan- 
tity of oxygen in tungstic acid by a very ingeni- 
ous experiment, but rather of too complicated a 
nature to be capable of perfect accuracy. He 
formed a sulphuret of tungsten, by heating 1 part 
of tungstic acid and 3 parts of cinnabar in a 
Hessian crucible. The mixture was covered 
with charcoal powder j and the crucible, with a 
flat lid on it, was exposed for half an hour to the 
greatest heat which he could raise in a wind fur- 
nace. TtTie sulphuret thus obtained was a grey- 
ish black powder, which, when rubbed against a 
polished surface, acquired the metallic lustre, 
and resembled sulphuret of copper, but was ra- 
ther more blue. 

100 parts of this sulphuret were digested in 
nitrom uriatic acid, till the sulphur was acidified. 
The sulphuric acid was thrown down by muriate 
of bary tes ; and the sulphate of bary tes formed 
weighed 182 parts, equivalent to 24*678 parts of 
sulphur. Hence the sulphuret of tungsten is a 
compound of 

Tungsten 75-822 

Sulphur . 24-678 



100-000 
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preceding experiment, being well washed, and 
dried in the temperature of 212°, weighed 11-29 
grains ; and it was obviously composed of 

Succinic add 6*25 or 0-555 
Peroxide of iron 5 - 0*444 



1-000 



The salt being neutral, and five being the atomic 
weight of peroxide of iron, 6-25 must be the 
atomic weight of succinic acid* 

Thus it appears, that acetic and succinic acid 
have the same atomic weights ; yet scarcely any 
two acids differ more from each other in their 
properties. Acetic acid is so soluble in water 
that it i» difficult to obtain it in the state of 
crystals, and these crystals cannot exist, unless 
they contain an atom of watef united to an atom 
of acid) but succinic acid requires nearly 100 
times its weight of water to dissolve it, and its 
crystals contain no water whatever. There is 
some analogy, however, in the way in which the 
two adds combine with bases. Thus, acetic 
acid unites with 1 atom and with 2 atoms of 
protoxide of lead, and so does succinic acid. 
Probably many other similar analogies would be 
discovered if the succinates were better known 
than they are at present 
Compoa- 2. I have not made any experiments upon the 

two of sue* • - j 

•dd. constituents of this acid, because I considered 
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only in solution in water. It is as volatile as 
acetic acid, and has a smell somewhat similar to 
that of that acid. It was this similarity of smell, 
and the property which it has of forming soluble 
salts with most of the bases, that led Fourcroy 
and Vauquelin to the opinion that it was identi- 
cal with acetic acid. 

Dobereiner has ascertained, that when formic 
acid is mixed with concentrated sulphuric acid, 
it undergoes decomposition at the ordinary tem- 
perature of the atmosphere — being converted 
into water, which combines with the sulphuric 
acid, and into carbonic oxide, which makes its 
escape in the form of gas. When it is mixed 
with nitrate of silver or nitrate of mercury, and 
a gentle heat applied, the formic acid is equally 
decomposed ; carbonic acid is disengaged, and 
the oxides are reduced to the metallic state. 
These curious phenomena are easily observed, 
and they are sufficient to enable us to distinguish 
this acid from every other.* 
Analysis of 2. Berzelius was the first chemist who at- 
*-*■* tempted to determine the composition of formic 
acid. He fbundt that anhydrous formate of lead 
is a compound of 

Formic acid 100 or 4-696 

Protoxide of lead 298-1 - 14 

* Gilbert's Annalen dcr Pliysick, LXXI. 107. 
f Annals of Philosophy, IX. 107 

9 



190 SULPHURETS. 

7* Sulphuret of magnesium is not so easily ob» 
tained as the snlphurets of the preceding metah. 
When sulphate of magnesia is heated in charcoal 
almost the whole acid is dissipated, and nothing 
remains but magnesia mixed with a small quan- 
tity of sulphuret of magnesium* But sulphuret 
of magnesium may be obtained in combination 
with sulphuret of potassium, by heating a mixture 
of sulphates of potash and magnesia in charcoal : 
Berthier has shown that it is a protosulphuret of 
magnesium which is thus obtained. It is a com- 
pound of 

1 atom magnesium . • 1*5 
1 atom sulphur 2 

$•5 

There was an excess of sulphur in the sulphuret 
formed by Berthier, amounting to rather less than 
4th of an atom. 

8. No attempts have been hitherto made to 
form the sulphurets of aluminum, glucinum, 
yttrium, or zirconium. It is by no means unlike- 
ly that some of the processes tried by Berzelius 
would succeed in forming these sulphurets also, 
iron, 9 # Sulphuret of iron. Iron and sulphur com- 

bine in three proportions. 

(1.) The protosulphuret may be formed by 
heating a mixture of iron filings and sulphur ia a 
close crucible, and continuing the heat till the ex- 
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evolved which ought to have been combined 
with the oxygen, requisite to convert them into 
protoxides, supposing that this oxygen had been 
in the state of water. The reader will recollect 
that the atomic weights of these bodies are as 
follows : 



Iron 


$5 


Zinc 


4-25 


Tin 


7-25 


Antimony 


5-5 



Now, 3*5 grains of iron, 4*25 grains of zinc, 
7*25 grains of tin, and 5*5 grains of antimony, 
supposing these metals pure, give out, when dis- 
solved in muriatic acid, exactly the. same volume 
of hydrogen gas ; namely, about 5*9 cubic inches 
or £ of a grain. There seems no doubt from 
this, that these metals during their solution com- 
bine with oxygen, and that they derive this oxy- 
gen from water, which is decomposed precisely 
as when iron or zinc is dissolved in . sulphuric 
acid, the oxygen uniting to the metal, and the 
hydrogen flying off. 

• It would indeed be equally possible to account 
for the evolution of the hydrogen gas. by con- 
ceiving the chlorine of the muriatic acid to com- 
bine with the metal, while . its other ingredient, 
the hydrogen, escapes under the form of gas £ for 
the volume of hydrogen evolved on either sup- 
positions, would be precisely the same; but 



278 SALTS 

nearly 120° and 60°—±not altered by exposure to 
the air — taste very sour, and it reddens vegeta- 
ble blues powerfully. At the temperature of 
46°, 100 parts of water dissolve 1*88 of these 
crystals. At the temperature of 83°, the quantity 
of crystals dissolved by 100 water is 3-49— spe- 
cific gravity of the crystals 1 *980. 16-375 grains 
of these crystals, heated on the sand bath, lost 
3*375 grains of weight ; hence, the constituents 
are 

2 atoms oxalic acid 9 
1 atom soda . 4 

3 atoms water 3*375 



16-375 



Tartrate 19. Tartrate of soda. This salt crystallizes 
in fine needles having considerable lustre. Its 
constituents are 



1 atom tartaric acid 8-25 

1 atom soda 4 

2 atoms water 2*25 



14*5 



To a solution of this salt in water, we added the 
requisite quantity of tartaric acid to convert the 
Whole into a bitartrate, in order to verify The- 
nard's statement, that there exists a bitartrate of 
soda nearly as insoluble as bitartrate of potash; 9 
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bath till it lost its liquid form, and became a 
white dry crust. In this state it was nearly in- 
soluble in water, though it was not quite desti- 
tute of taste ; it did not deliquesce when exposed 
to the air. 

20-25 grains of this salt >r half an 

bour in a strong red hea grains of 

alumina, equivalent to 3 a] earth. 

20-22 grains being digea bonate of 

barytes, and the solution fj vapurated 

to dryness, left 10*4025 grains of nitrate of ba- 
rytes, which contains 6*7 grains of nitric acid. 
This approaches so near 675 grains, that it is 
evident the constituents of the salt are 

1 atom nitric acid 6-73 
3 atoms alumina 6-7 S 
6 atoms water 6-75 



5. Phosphate of alumina. This salt was ob-pb«ph»i*, 
tained by mixing together solutions of alum, and 
phosphate of soda in the atomic proportions — 
no precipitate appears at first ; but if the mix- 
ture be heated a white powder gradually falls, 
which is phosphate of alumina. It is tasteless, 
and insoluble in water ; but it reddens vegetable 
, blues powerfully. 9*125 grains of this powder, 
well washed, and dried in the open air, being 
heated to redness lost 3*375 grains. Hence, . 
the constituents are 
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qijlated from 54 grains of carbaitote obtained 
during the experiment. Bucbolz estimated it at 
2>5 grains, but the true quantity is obviously 3 
grains. The protoxide of iron was the quantity 
requisite to make up the 100 grains analyzed. 
Now, if the salt were a compound of 

1 atom carbonic add 2*73 or 86 

I atom protoxide of iron 4*5 - 59 



7-25 



we obtain the very constituents of Bucholz. 
The lime, consequently, must have been acci- 
dentally present, and not in the state of combi- 
nation. The water, amounting only to 4th atom, 
must have been mechanically mixed. 

4u Protophosphate of iron. This salt, in beau- Protophoi- 
tiful transparent crystals of a light blue colour, 
and having the shape of right oblique prisms, 
has been found in Cornwall, and likewise in 
Brazil and the Isle of France. A variety from 
Eckartsberg, in round nodules, and not crystal- 
lized, was analyzed by Klaproth, who found its 
constituents 

Phosphoric acid 32 

Protoxide of iron 47*5 ' • 



,,: ., Water . . . 20 ■'■'»:.' 



99-5*., 

Li, f f I * * * " ' ' x 

• Beitrage, IV. 122. 
Vol. II. X 
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1 atom bemoic acid 15 

1 atom protoxide of lead 14 
1 atom water . 1-125 



30125 



1 6. Succinate of lead forms long slender crys- Succinate, 
tals, scarcely soluble in water. They seem to be 
anhydrous, and are composed of 



1 atom succinic acid . 6*25 

1 atom protoxide of lead 14 



20*95 



17. Formate of lead. This salt is composed of Formate, 



1 atom formic acid 4*625 

1 atom protoxide of lead 14 
1 atom water 1*125 



19-75 

18. Oxalate of lead. This salt is an insoluble Oxalate, 
and tasteless anhydrous powder, composed of 

1 atom oxalic acid .4*5 

1 atom protoxide of lead 14 



1 ■ 
18*5 



19* The same observations apply to tartrate Tartrate, 
of lead, the constituents of which are 

1 atom tartaric acid . 8*25 

1 atom protoxide of lead 14 

22-25 

Aai 
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rather 5*98 grains. Now, 85*4 : 6 : r «6 : 4*406 
« carbonic acid united to 46 grains of prot- 
oxide of mercury. 4*406 approaches so near 
4*125, which is equivalent to an atom and a 
half of carbonic acid, that there seems no doubt 
that the salt was a sesquicarbonate, composed of 

J £ atom carbonic acid 4*185 

1 atom protoxide of mercury St6 



30-125 



^j^i* ** 4. Protophosphate of mercury. This salt was 
obtained by decomposing nitrate of mercury by 
phosphate of soda. It is a white tasteless pow- 
der, insoluble in water. From 96*2 grains of 
nitrate of mercury I got 86*3 grains of phosphate 
of mercury ; the phosphate, after being dried in 
the open air, lost scarcely any weight on the 
sand bath. From this it is obvious, that the 
phosphate of merpury is anhydrous, and the 
weight of the salt from 96*2 of nitrate shows 
that it is composed of 

1 atom nitric acid 6*75 

. 1 atom protoxide of mercury 26 



3215 



^J*™* 5. Protarseniate of mercury. It is obtained 
when arseniate of soda is poured into a solution 
of protonitrato of mercury. It is a grey powder, 
destitute of taste, and insoluble in water. As it 
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first formed by Vogel of Bareuth, by digesting 
together binoxalate of potash and carbonate of 
copper. When the solution is concentrated, two 
species of salts are obtained. 

The first species crystallizes in long slender 
six-sided prisms, which effloresce in the air. They 
are composed of 

1 atom oxalate of potash 10*5- 
1 atom oxalate of copper 9*5 

4 atoms water 4-5 



24-5 



[ The second species forms oblique four-sided 
prisms with rhombic bases. It has a greener 
colour than the first species, and is not altered 
by exposure to the air. Its constituents are 

1 atom oxalate of potash 10*5 

1 atom oxalate of copper 9*5 

2 atoms water 2*25 



22-25 



15. Potash-tartrate of soda. This is the well Poushtar- 

trmte of 

known salt formed by saturating bitartrate of soda, 
potash with carbonate of soda and crystallizing 
the solution. It forms large crystals, which seem 
to have for a primary form, a right prism with a 
rectangular base ; it has a bitter taste, is very 
soluble in water, and effloresces slightly, when 
exposed to the air. Its constituents are 

Eel 
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Oxalate of ammonia, conatstwaoat ot» i 
186. 
lime analysed, ii 104. 
Oxalic add, atomic weight o& IL 100. 

constituents of, ii 105. 
Oxide of bismuth, atom of, i 407. 
cadmium, atom o£ i 598. 
copper, i 411. 
gold, L447. 
iridium, i 477. 
mercury, i. 421. 
palladium, i 467. 
rhodium, i 4A5. 
sOfer, i4S3. 
titanium, ii 62. 
tungsten, ii 70i 
Oxygen, whether l£ atom of combines 

with bodies, if. 463. 
Oxygen gas, specific gravity of, deter- 
mined, i 62m— Jts ralatni to mat of 
hydrogen gat, f. 70. 



Palladium, atomic weight of, i 466. 
Pernitrate of uranium, action of re- 
agents on, ii. & 
Peroxalate of uranium analysed, ii. 28. 
Peroxide of antimony, ii. 41. 
cerium, L 383*. 

gold, L 448, 

iron, i 355, 

lead* i 3981 

mercury, i 425. 

nickel, i 360. 

platinum, i 457, 458. 

rhodium, L 464. 

tin, i. 402. 

uranium, bow obtained, iL 
a— Properties of, ii. 6. 
Persesquinitrate of uranium, ii. 83. 
Persulphuret of iron, ii 191, 

mercury, ii, 80i. 



Persvlpburet of potassium, ii 1*7. 

tin, ii. 197. 
Phillips, Mr. IL, opinion o£ 
ing the atom of almoin* 
i.318. 
Phosphate of soda, compositioti c£, i» 

199. 
Phosphoric acid, i 198^— Atteenptt to 

analyze, i 801. — Atom o£ i 906, 
Phosphorous acid, atom of» i 806. 
Phosphorus, i 198. 
Phosphuretted hydrogen, i 80S. 
Platinum, atom o£ i 449, 457, 
Potash, atomic wejgfatot; i 252, 254. 
salts of, ii 253. 
acetate of, ii.258. 
benxoata of, ii. 26a 
bicarbonate o£ n. $55. 
bichromate o£ ii. 258. 
binacetate a£ ii26XX 
binarseniate o£, ii 257. 
binoxalate of, ii* 861. 

bitartrateoC "• 263. 
carbonate of; u.254. 

ctaomate of, ii. 258. 

nitrate of, ii. 254. 

oxalate of, ii 261. 

phosphate o£^ ii 256. 

quadroxakte o£ ii 262. 

aesquicarbonate o£ a. 255. 

sulphate of, ii 253. 

tartrate of, ii 863. 

teroxalate of, ii 262, 

compound salts, containing ii 
429. 
Potaab-aneniate of soda, u. 438. 

carbonate of magnesia, ii 456. 
muriate of palladium, i 467, 

'469. 
oxalate of copper, ii 438. 
perBesouistdphateof ifoavh\438^ 



TiraninnTi it- 



18. 



persulphate of iron, ti433. 
phosphate of soda, ii 437. 



